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EFFECTSOF THREETYPESOFBLUNTTRAILINGEDGESON TEEAERODYNAMIC! --

CHARACTERISTTC!SOF A PLM?ETAPEREDWINGOFASPECTRMTO 3.1}

WIm A 3-PERCENT-TEICKBICONWEXSECTTON

ByDuaneW. Dugan

SUMMARY

.

.

Effectsofwingtrailing-edgebluntnessupontheaerodynamic
characteristicsof a wing-bodyconibinationhavebeenexperimentally
investigatedatMachnumbersrangingfrom0.6.to0.925andfroIu1.2
to1.7forReynoldsnumbersof1.5and3.8million.Modificationswere
madetotherearhalfof a basicplanetaperedwingof aspectratio3.1
hatinga s-percent-thick,circular-arc,biconvexsection.Threet~es
of trailing-edgeshapeswereused;nsmel.y(1)constantthicknessaft

~ofmidchord,withzeroboattailangle;(2 constantthicknessfrommid-
chordto seven-eightschordfollowedby constantslopetoone-halfmaxi-
mumairfoilthicknessat trailingedge,withboattailangleequalto
trailing-edgeangleofbastewing;and(3)one-halfmsximumthickness .
at trailingedgefairedby meansofa tangenttothebiconvexsurface,
withboat@ilamgleof2°.

Resultsof theinvestigationshowthatemploymentofblunttrailing
edgesreducedor eliminatedunstablep-itching-momentchmacteristics
exhibitedby thebasicwing-bodyconibinationat lowliftcoefficientsand

.-

subsonicspeeds.Inparticular,at thesupercriticalMachnumbersO-g1
and0.925,“neutralor slightlypositivestaticlongitudinal“stabilityof

--

thewing-bodyconfigurationwasattainedby usingtrailing-edgebluntness.
Increasesinlift-curveslopemeasuredthroughzeroliftwerealso
obtained,althoughat thecostof increasedminimumdraganddecreased
maximumlift~ag ratios.

—
;1...

Comparisonof theaerodynamiccharacteristicsof thethree
modifiedwing-bodycotiinationsindicatesthatforthegivenbasic~
thetrailing-edgethichesswhichgivesthemostimprovementinpitching-
momentcharacteristicswiththeleastdecreaseinmaximumlift-dragratio .

—
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in thesubsonicspeedrangeislessthanone-halfmaximumairfoiltihick- X,.

nessjandthatutilizationofa Wge boattailangleisundesirable.
.

INTRODUCTION

Previousexperimentalinvestigationof theaerodynamiccharacteris-
ticsof a wing-boiQ_eonibination,employinga planetaperedwingof aspect
ratio3.1witha s-percent-thick,circular-arc,biconvexsection(refer-
ence1)hassho’wnundesirablepitching-momentcharacteristicsnearzero
liftinthesubsonicMachnuniberrange,particularlyforthesuper-
criticalMachnimibers0.9and0.925. (ThecriticalMachnumberforthis
wingisapproximatelyO.83.) Thephenomenawerebelievedtobe dueto
significantchangesinchordwiseloadingscausedby theinfluenceof the
terminalshockwave. Resultsof investigationsof airfoilsathighsub-
sonicspeeds(references2 and3)demonstratedtheachievementofmore
satisfactorypitchingmomentsthroughchangesto theairfoilthickness

—

distributionwhichmovedthepointofmaximumthicknessrearward, thereby
confiningthe adverseinfluenceof theterminalshockwaveto a smaller
portionof theairfoil.In addition,ithasbeenpointedoutinrefer-
ence4 thatadvantages,includinggreaterlift-curveslope,lowerprofile ‘–
drag,anddesirablestructuralfeatures

-.
, arepossibleat s~ersonicMach

nuu.iberswithblunttrailing-edgeairfoils.Considerationof such
evidenceledto thepresentinvestigationof theeffectsof trailing-
edgebluntnesson theaerodynamicpropertiesof thes-percent-thick
biconvex-profilewingofreference1. .—

In thisinvestigation,no attemptwasmadeto compareaerodynamic --
characteristicsof thevariouswingsoh thebasisof equivalentstrut- “. ‘_....-—...

turalcharacteristics.!l%erefore,theterm“optimumthickn~ss”as used
in thepresentreportisbasedsolelyon theaerodynamicCharacteristics
of a givens-percent-thickwingmodifiedto obtainvarioustrailing-edge
shapesandthicknesseswithoutregardto thestructuralstrengthsWhich
differedfromonemodificationto theother.Furthermore,becauseof the
small.thicknessratioof thewingandtherangeofMachnumbersof this.
investigation,andbecausethemodificationsto thebasicwingdidnot
reducemsxinmmthiclmessnorincludechangesintheprofileforwardof
themidchord,no reductioninminimumdragat supersonicspeedswas
anticipatedfortheblunttrailing-edgewings.

NOTATION

.“!
.—
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10CS3wingchord,feet

lengthofbody$
sting,inches

lift-dragratio

includingportionremovedto accommodate

maximumlift-dragratio

free-streamMachnudber

free-streamstaticpressure,poundspersquarefoot.

pressureatbaseofblunttrailing+dgewings,po~ds per
squarefoot

-wingbase-pressurecoefficient

free-stresmdynamicpressure,poundspersqusrefoot

Reynoldsnuniberbasedon themeanaerodynamicchord,C
.

radiusofbody,inches .

msximnnbodyradius,inches

totalwingarea,includingareaformedby extendingleadimg
andtrailingedgestoplaneof symmMmy,squarefeet

longitudinaldistancefromnoseofbody,inches

dist=ceperpendiculartoplaneof symetry,feet

angleof attackofbodyaxis,degrees

dragcoefficient
()

drag
T

liftcoefficient
()
lift
F

pitching-momentcoefficient
/.
referredto quarterpointof

meanaerodynamicchord
(

pitchingmoment
qsE , )
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slope of lift curve measuredat zero

slopeofpitching-moment

Theexperimental

.1..
.—.—

lift, perdegree
.

curve measuredat zerolift ,..

APPARATUS

WindTunnelandEquipment

investigationwasconductedinthelines6-bY
6-footsupe&onicwindtunnel;In thiswindtunneltheMachnunibe~can ‘-
be variedcontinuouslyandthestagnationpressurecanbe regulatedto
maintaina giventestReynoldsn~ber. Theairisdriedtopreventthe
formationof condensationshocks.Furtherinformationispresentedin
reference5.

Themodelwasstingmountedinthetunnel,thediameterof the
stingbeingabout82percentof thediemeterof thebodybase. A
balancemountedon thestingsupportandenclosedwithinthebodyof
themodelwasusedtomeasuretheaerodynamicforcesandmomentson
themodel.Thebalancewasthek-inch,four-component,strain-gage
balancedescribedinreference6. .

Models

A plananda frontvtewof themodelsandcertainmodeldimensions
aregiveninfigure1. Thebiconvexprofileandthethreetrailing-edge
modificationsareillustratedinfigure2. Thebasicwingof circular-
uc biconvexsection(wing1)wasconstructedof solidsteel,andwas
modifiedby addingbismuth-tinalloyaftof themidchordpointsto obtain
~S 2, 3, =d 4* Wing2 hasconstantthicknessfrommidchordto
trailingedge;wing3 hasconstantthicknessfrommidchordto the
8T.5-percentchordpoint,followedby constantslopeto one-halfthe
maximumthicknessat thetrailingedge,witha boattailangleof 6.88°
(sameas includedtrailing-edgeangleofwing1);winghhas a traiMng-
edgethicknessequalto thatofwing3,buteqploysa constantslope
fromtrailingedgeto a pointof tangencyon thebiconvexsurfacewith
a boattailangleof2.02°.Thebodysparwasalsoof steelandwas
coveredwithaluminumb formthebodycontours.Thesurfacesof the
bodyandwingswerepolishedsmooth.Otherimportantgeometriccharac-
teristicsof themodels~e tabulatedas follows:

“. ‘“

.
, ..”
.:)-..

0
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.
wings

..
. Aspectpatio. . . . . . . . . . . . . . . . . . . . . ...6..3.1

Taperratio .. o..... . . . . . . . . . . . . . . . .. ,0.39
Airfoilsection(streamwise). . 3-percentthickcircular-arcbiconvex
Includedangleatnose,degrees. . . . . . . . . . . . . . . . 6.88
Boattailangle,degrees
wing2. . . . . . . . . . . . . . . . . . . ● ● ● * . .* ● . ● .0
wings. . . . ● **. ● . . ● . . 9 . . ● * . ● ● ● ● . ● ● . 6.88
wingk. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.02

Wtalarea s~ squarefeet. . . . . . . . . . . . . . . . . . .2.425
Meanaerodynamicchord~, feet . . . . . . . . . . . . . . .. 0.94-4
Dihedral,degrees. . . . . . . . . . . . . . . . . . . . . . . . .0
Caliber.. . . . . . . . . . . . . . . . . . . . . . . . . . . . None
TuiSt,degrees. . . . . . ● . . . . . . . . . ● .S . ● . . . . ● .0
Sueepbackof 25-percent+hordstation,degrees. ● . ● . . . . . ~.4
Incidence,degrees.. . . . . . . . . . . . . . . . . . . . . .“..0
Distance,wing-chord-planetobodyaxis,feet . . . . . . . . . . . 0

Body

Finenessratio(basedUponlength1,fig.1) . . . . . . . . . . ~05
Cross-sectionahage . . . . . . . . . . . . . . . . . . . . circw
Msximumcross-sectionalarea,squarefeet . . . . . . . . . . 0.1235
Ratioofmsximumcross-sectionalareatowingarea. . . . . . 0.0509

TESTSANDPROCEDURE

Theaerodynamiccharacteristicsof themodelswithwings2,3,andk
(as a functionof a@Le of attack)wereinvestigatedfora rangeofMach
numbersfrom0Y6to 0.925andfrom1.2to1.7,andReynoldsntmibers
of1.5~d 3.8UiOL Data forthemodelwithwing1 wereobtained
fromreference1 forcomparison.In a fewinstances,as no~d in the
figures,datafora Reynoldsnuniberof 1.5millionwerenotobtainedfor
wing1; thesubstitutionof dataobtainedat a Reynoldsnumberof 2.4mil-
liondidnotinvalidatecomparisonwiththemodifiedwings,inasmuchas
no appreciabledifferencecouldbe obsemedbetweenthedataobtainedfor
wing1 atR-1.5millionandthoseobtainedatR=2.4miUion intheMach
numberr-e concerned.

In additiontoforcemeasurements,wingbase-pressuremeasurements
weremadeby meansof a staticorificeinstalledin thetrailingedgeof
eachof themodifiedwingsat approximatelythe50-percent-semispan
positionof theright-handwingpanel.

.
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Thetest
Factorswhich
tionsapplied

ReductionofData
.— -.

.—

datahaveMenreducedto stand=mlNAcAcoefficientform.
-=

couldeffecttheaccuracyof theseresultsandthecorrec-
arediscussedin thefollowingparagraphs.

Tunnel-wallinterference.- Correctionsto thesubsonicresultsfor
effectsof thetunnelwallsresultingfromlifton themodelweremade .—

—
accordingto themethodsofreference7. Thenumericalvaluesof these
coi?rections(whichwereaddedto theuncorrecteddata)were:

. &fJ= O.m CL .

ACDu 0.0100CL2

No correctionswere= to thepitching-momentcoefficients.

Theeffectsof constrictionof theflowat mibsonicspeedsby the
tunnelwallsweretakeniritoaccountby themethodofreference8. This
correctionwascalculatedforconditionsat zeroangleof attackandwas
applledthroughouttheangle-of-attackrang4.At a Machnmher of0.925$
thiscorrectionamountedtoa 3-percentincreasein theMachnumberover
thatdeterminedfroma calibrationof thewindtunnelwithouta modelin
place.

Forthetestsat supersonicspeedszthereflectionfromthe-el
.

wallsof theMachwaveoriginatingat thenoseof thebodydidnotcross
themodel.No correctionswererequired,therefore,fortunnel-wall .
effects.

Streanvariations.-Testsat subsonicspeedsinthe6-by 6-foot
supersonicwindtunnelof thepresentsymmetrical.modelstnboththe
normalandtheinvertedppsitionshaveindicatedno streamcurvatureor
inclinationinthepitchplaneof themodel.,Nomeasurementshavebeen
made,however,of thestreamcurvaturein theyawplane.At sfisonic
speeds,thelongitudinalvariationof staticpressureintheregionof
themodelisnotknownaccuratelyatpresent,buta preliminarysurvey
hasindicatedthatit islessthan2 percentof thedynamicpressure.
No correctionforthiseffectwasmade.

—-.

A surveyof theairstreamat supersonicspeeds(reference5)has
shownstreamcurvatureandstreaminclinationonlyintheyawplaneof
themodel.Theeffectsof thiscurvatureandinclinationon the
measuredcharacteristicsof thepresentmodelsarenotlumwn,butae
judgedtobe smallaccordingto theresults‘of“reference9. Thesurvey

.
1

alsoindicatedthatthereisa static-pressurevariationinthetest 1
sectionof sufficientmagnitudetoaffectthe

~w

dragresults.A correction ‘---
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.

wasaddedto themeasureddragcoeff’icient,therefore,to accountfor
thelongitudinalb~cy causedby thisstatic-pressurevariation.
~is correction~ied fromasmuch,as -0.00U7ata wh n-r of ~.3
to+0.0006at al&ch numberof 1.’7.

Support interference.-At subsonicspeeds,theeffectsof suFPofi
interferenceon theaero@namiccharacteristicsof themodelssrenot
lmown.Forthepresenttaillessmodels,it isbelievedthatsucheffects
consistedprimarilyof a changein thepressureat thebaseof themodel
fuselage.In an effortt6 correctat leastpartisllyforthisswport
titerfe~ence,thebasepressureof themodelfuselagewas=asured and
thedragdatawereadjustedto correspondto abase pressureeqti to
thestaticpressureof thefreestream.Thesecorrecti-wereof tie
orderof 2 percentof themeasureddragat zerolift.

At supersonicspeedsztheeffectsof s@Portfi~rferenceof a
body-stingconfigurations~-to thatof thepresentmodelsarek!hown
by reference10 tobe ccmfinedtoa changeinbasepressure.Thepre-
viouslymentionedadjustmentof thedragforbasepressure,therefore,
wasappliedat supersonicspeeds.Thecorrectionsinthesecasesr~ed,
ingeneral,from6 percentof themeasureddragat zeroliftatM = 1.2
to 15percentatM= 1.7. Thecorrecteddrag,consequently,isforebody
drag.

RESULTSANDDISCUSSION

Figure3 showstypical.basic-dataplotsof aerodynamicch=acteris-
ticsobtainedin thisinvestigationforwing4. Becauseof theslight
as-try inthedragpolarsnearzeroliftforthelowerMachnumbers>
thevaluesof dragatpositiveliftwereusedin mibsequentfigures.
Subsequntfiguresdo not,ingeneral,showtestpointsin orderthat
comparisonsmaybe mademoreclearlyinrespectto thevsmiousproper-
tiesof thefourwings.A comparisonof theaerodynamiccharacteristics
of thefourwingsispresentedinfiguresk, 5$ 6, =d 7. In figure8,
thewingbase-pressurecoefficientsof themodifiedwingsarecomp=ed
at severalsubsonicandsupersonicMachnumbers.Figure9 showsthe
valationof lift-curveslopemeasuredthroughzeroliftwithMach
nuniberforeachwing. TheeffectofMachn&er
anglesof attackisgiveninfigure10;thesame
figureU, andforpitchingmomentinfigm?e12.

LiftCharacteristics

uponliftat seversl
is donefordragin

Ap reciableincreasesin lift-curveslopemeasuredat zerolift
. 7(fig.9 h therangesof Mach;~ers investigatedwereobtainedby,--.<*
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substitutingblunttrailingedgesfortheclosedtrailingedgeof the
basicwing(wing1),’psx?ticularlyatthesupercriticalMpchnumbers0.9
and0.925,.Thisisattributedtoreductionof separationat allspeeds
testedandtotheadditionalreductionof theadverseeffectsof the
terminalshockatthesupercriticalspeedsthroughtherearward shiftQf
theshock.Of thethreetypesofblunttrailingedgestested,that
representedby ting4,whichhasa finaltra-iling-edgethicknessofone-
halfmaximumairfoilthicknessfairedby meansof a tangentto the
biconvexsurface,demonstratedthemost”satisfactoryliftingproperties
inregardtolift-curveslopeandvariationof liftwithMachnumber.
Thissuggeststhedesirabilityofusingthe~mallestpossibleboattail
angleinattainingthefinal.trailing-edgethicknesswhichtheresults
indicateshouldbe lessthemmaximumsectionthickness.

Figures9 and10 showa markedscaleeffectontheliftcharacteris-
ticsofwing1 atanglesof attacklessthar”u”inthesubsonic,super-
criticalspee’drange,aneffectnotobservedforthemodifiedwings.The
decreaseoflift-curveslopemeasuredthroughzeroliftforwing1 at the
highersubsonicspeedsandlowerReynoldsnumberindicatesthata cotii~-
tionofboundary-layerqndterminal-shockeffectscauseslos~oflift.
IncreasingtheReynoldsnuuiberto 3.8 million,or shiftingtheposition
oftheterminalshockrearwardbychangingthethicknessdistribution.@
thatofwing2, 3,or4,reducestheeffectsof separationandofrecom-
pression,resultinginmoreliftat smallanglesofattack.Thatthe
sameeffectisnotobservedat somewhatlargerangles(asat a = 4°)is
attributedto thechangeinthenatureof theflowattheseangles
(fig.10(a)). As first&scribedinreference3,anexpansionat super-
sonicspeedsaroundthesharpleadingedgeredirectstheairto the
surfaceof thewing,atwhichpointanobliqueshockturnstheflowso
thatitfollowsthecontourof thesurface,withtheresultthatsepara-
tioniseliminatedovera considerabledistanceaft-oftheleadingedge..

Pitching-MomentCharacteristics.

Improvementof thepitching-momentcharacteristicsofthebasic
wingby employingblunttrailingedgesof thetypesrepresentedby
wings2 and4 isapparentinfigure5,particularlyat thetwohighest
subsonicMachnunibersandlowerReynolds”num~er.Wing3 produces
pitching-monentpropertiesgenerallylesssatisfactoryinrespectto
staticlongitudinalstabilitythanthoseof thebasicwingat1.7million
ReynoldsniimberandlowersubsonicMachnumbers;at thehigherReynolds
nuniber,thesecharacteristicsareslightlys@eriortothoseofwing1
at subsonicspeeds,hutremainlessdesirablethanthoseoftheother
twomodifiedwings.At supersonicMachnumbers,theinfluenceof
trailing-edgethicknessin-dete~iningpitching-&oment
isslight.

_,=— --’“=--

characteristics
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Themiti@tionofMachnunibereffectsuponpitching-momentthrough
theuseofblunttrailingedges-isshownin figure.12wherethevariation

P ofpitchingmomentwithMachnumberat severalanglesof attackispre-
sentedforeachof thefourwings.Wings2 and4 appearsuperiorinthis
respectwhereaswing3 doesnot. (Thetrailing-edgethicknessofwing3
is thesameas thatofwing4,buttheboattailangleof theformeris
morethanthreetimesthatof thelatter.)Thedataindicatethatthe
useof fullbluntnessis scarcelymoreadvantageousthanthatofhalf
bluntnessas typifiedby ting4 inreducingtheMachnumbereffects
justdiscussed.

Theaberrantvariationsofpitchingmomentwithliftofwings1
and 3 in thesubsonicspeedrangeat thelowerReyTloldsnuber} in
contrastto thenmreconsistenttrendsat thehigherdynamicscale,as
shownby figure5,merita briefdiscussion.

,Inthecaseof thebasicwing(wing1),therapidincreaseinposi-
tivepitchingmomentat smallliftcoefficientsat thesupercritical
Machnumbers0.9and0.925andthelowerReynoldsnumberbanbe ex@ained
as follows:Assumethatat zeroliftlaminarflowexistsoverbothupper
andlowersurfacesof thewing,butthattransitionto turbulentboundary-
layerflowoccursaheadof theterminalshockon theuppersurfaceat
smallanglesof attackdueto thepressurepeakin thevicinityof the
sharpleadingedge. Thepressuredistributionovertheuppersurface,
then,wouldresemblethatobtainedexperimentallyat supercritical
speedson a circular-arcairfoilwithturbulentboundarylayer,whereas
thepressuredistributionoverthelowersurfacewouldbesimilarb
thatobtainedwithMminarflowin theboundsrylayer.Suchpressure
distributionssrepresentedinreference11 fora biconvexairfoilat 0°
incidence,andshowthattheterminalshockwaveproducesa greater
pressureriseina shorterchordwisedistancein thepresenceof a tur-
bulentboundarylayerthanin thepresenceof a laminarboundarylayer.
!Ihis,then,wouldaccountforthedevelopmentof negativeliftoverthe
resrofwing1 at supercriticalspeedsandthelowerReynoldsmmber~
andexplainboththeincreasedpositivepitchingmoment(fig.5(a)),and
thedecreaseinlift-curveslope(fig.9(a)).Exsm@esof suchpressure
distributionsoveran airfoilidenticalto thatofwing1 canbe seen
foranglesof attackof 2° and4° inreference3.

At thehigherReynoldsnuniberof 3.8 million,it canbe deduced
fromthedataforwing1 thatturbulentboundary-layerflowoccursover
theloweraswellas theuppersurfaceat smallanglesof attack,with
theresultthatthen~gative”liftdescribedaboveislargelyreducedor
eliminated.

.
Thepitching-momentcharacteristicsofwing3 at lift coefficients

nearzeroforsupercriticalspeedsat thelowerReynoldsnumberare
. contrsryto thoseofwing1 (fig.~),andthusrequirea different
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emanation.A clueto theparadoxisgivenby thediscontinuityinthe
profileofwing3. In thiswing,theupperandlowersur?acesaftof

.%

themidchordpointcontinuepar&fieltc-thechordplaneasfarrearward T\-
as the87.5-percent-chordPositionjatwhich-~inttheycl.iangedirection “-
by an angleof 3.4.4°. Sucha profileis conduciveto separationbehind
thediscontinuityat lowReynoldsnumbers.Thatseparatedflowdoes
prevailoverbothsurfacesat therearofwing3, not onlyat zerolift
butalsoat smallanglesof attack,in thesubcriticalspeedrangeis
indicatedby themorepositivepitchingmomentsof thiswingcomparedto .“.
thoseofwings1,~~d 4. However,as supercriticalspeedsareattained,
thesupersoniceqansionaroundthediscontinuityon theuppersurfaceis
probablyof sufficientdegreeto reattachtheflowthereandproduce
greatlyreducedpressuresat even small”anglesof attack,as studyof
thedataandschlierenobservationsofreference3 indicates.Thelower
velocitieson thelowersurfaceof thewingat smallanglesof attack
precludethepossibilityof as completereattachment,withtheresult
thatmorepositiveliftisdevelopedovertherearof thewingat super-
criticalspeedsthanat lowersubsonicspeeds.Sucha phenomenonwould
e-lainboththerapidincreaseof liftandof divingmomentwiththe ..
adventof supercritical.speedsat thelowerReynoldsmmibershownby the
datapresentedinfigures10(a)and1.2(a),respectively. -.

At thehigherReynoldsnuniber,theflowovertheupper“marsurface‘
ofwing3 wouldnotbe e~cted todiffersignificantlyfromthatat the :

lowerRe~lds numberJon theotherhand,theextentof theseparation
onthelowersurfaceaftof thediscontinuity”wuld be e~ectedtobe
largelyreduced.‘l’hetendencyinthiseventwouldbetowardlesslift .
anda decreaseindivingmoment.Comparisonof theliftandthepitching
momentsofwing3 at thetwoReynoldsnunibers(figs.10 and12,respect-
ively)showsthistobe thecase.

.

Inviewof thescaleeffectsnotedforwings1 and3 in thesuper-
criticalrangeof speeds,thelimitationsto thedirectapplicationof
thesewings,saytomissiledesignwherethe dimensionsarecomparable
tothoseof themodelshereinvestigated,areobvious.Thetestcondi-
tionsat the-twosupercrikicalM&:hnumbers0.9”and0.925,andat the
lowerReynoldsnuniberof 1.5millionareequivalenttoflightof the
testmodelsat thesesamevaluesof theparametersat approximately
&0,000feetabovesealevel.Wings2 and& wouldnotofferthesame
drasticproblemof controlat smallliftcoefficientsin thesubsonic
supercriticalspeedrange.

DragCharacteristics

As couldbeeqected,theminimumdragof eachof theblunttrailing- - -
.

e~e wingswasconsiderablygreaterthanthatof thebasicwing,bothat
subsonicandsupersonicspeeds.Forwing2 thedragincrementswere .-.
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threetofourtimesas largeas forwingk at zeroliftandat small
anglesof attack(fig.11);ingeneral,thedragofwing3 resembled
thatofwing4 exceptat supersonicspeedsandthehigherReynolds
?nxiberwherethedragofwing3 exceededthat”ofwtng2 in thehigher
Machnumberrange(fig.U(b)).

Theinfluenceof thetrailing+dgeshapesof themodifiedwingsin
creatingadditionaldragthroughthedevelopmentof lowerbasepressures

—

is shownina qualitativewayinfigure8. Thedecreaseofbasepressure ‘“
coefficientwithincreasingsupersonicMachnumbershowninfigure8 is I
reflectedinthediminishingdifferencebetweenthedragcoefficientsof
themodifiedwingsandthoseof thebasicwingas theMachnumber
increasesbeyond1:2 (fig.11). Thephenomenonof decreasingbasepres-
surecoefficientswithincreasingangleof attacknearzero,shownfor
wing2 infigure8 forsubsonicspeeds,servesto explaintheunusual
shapeof thedrag-pol~curvesof thatwingnearzerolift(fig.6).

Figure6 showsthattheincreaseof dragwithliftislowerforthe
modifiedwingsthanforthebasicwing,as couldbe deducedfromnoting -
the
the
axe

greaterlift-curveslopesof thef&aer. At liftcoefficientsof
orderof 0.5,thedragcoefficientsof theblunt-trailing-edgewings
generallylowerthanthatof thebasicwing. .-

MaximumLift-DragRatio

Figure7 showstherelativemagnitudeof themsxtiumlift-drag
ratiosof thefourwingsforsubsonicandsupersonicMachnumbers.It
isuncertainjusthowmuchof thedifferenceobsewedbetweenthevalues
of theratiosat thetwoReynoldsnumbersis dueto scaleeffectandhow
muchisdueto thelackof completedefinitivenessin thefairingof the
individuallift+ag curvesnearthemaximumvalues.Theadvantageof,
usinglessthanfullbluntnessisobviousinrespectto theachievement
of thelargestpossiblelift-dragratios.Thedataindicate.someslight
s~eriorityofwing4 overwing3 in comparingtheirrespectivelift-
dragvalues.

At thehighestMachnumberof thepresentinvestigation(M= 1.7),
thereis an indicationthatat leastforwings3 and4 thevaluesof
maximumL/DareincreasingwithfurtherincreaseinMachnumber;from
reference1,wing1 showedno suchtendencyup to a Machnumberof 1.9
anda Reynoldsnumberof2.4million.Thisincreasein (L/D)- is
no doubtassociatedwiththedecreaseinbasedragwithincreasing
supersonicMachnunibershownin figure8. It ispossiblethatat Mach
numbershigherthan1.7theorderof thevaluesof (L/D)m forthe
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monbluntandforthemodifiedwingsmightbe reversed.Furtherinvesti-
gationathigherMachnunibersthanherepresentedisrequiredbefore
definiteconclusionscanbe reached.

CONCLUDINGREMARKS

Fromthedataobtainedin thisinvestigationofthee$fectsof
blunttrailingedgesupontheaerodynamiccharacteristicsofa plane
taperedwinghavinga 3-percent-thick,circular=c~biconvexsection,
ithasbeenfoundthatunstablepitching-momentcharacteristics
exhibitedby theabovewingat smallliftcoefficientsinthesubsonic
rangeof speedsconsideredcanbe reducedoreliminated.mis was
accomplished”(atthecostof increaseddragtidlowermaximumlift-drag
ratios)by theemploymentoftrailingedgeshavingthicknessesequalto
themaximumandone-hslfthemsximumthicknessofthewing. Increases
inlift-curveslopemeasuredthroughzeroliftals~resultedforall
Machnumbersinvestigated(0.6-to0.925,and1.2to1.7)whentheorigi-
nalwingwasmodifiedby %luntnessat thetrailingedge.

Comparisonoftheeffectsoffullbluntnesson theonehand,and
ofhalfbluntnesson theother,uponpitchingmoment,lift-curveslope,
andupondrsgindicatesthattheopt@mmthi~ess fortheblunttrailing
edge,disregardingstructuralconsiderations,is somethinglessthanone-
halfthemsximwnthicknessforthetypeofwinghe= considered.Testsof
a rectangularwingof aspectratio4 witha 4.-percent-thickcfrctiar-arc
biconvexsectionmodifiedinthesamemanner-aswing4 of thispresent
investigation(reference12)showthatemploymentofa trailing-edge“
thickness0.3thatof themaximumairfoilthicknessgaveno increasein
minimumdragoverthatof thebasicwing. Thisphenomenon,inconjunction
witha-greaterlift-curveslope,produceda somaihathighervalueofmsxi-
mumlift-dragratiointhesribsonicspeedrange.!Iheimprovementin
pitching-momentcharacteristicswascomparabletothatobtainedwith
trailing-edgethicknesses0.6and1.0timesthemaximumair?oilthickness.
Needforfurtherinvestigationoftheeffects__oftrailing-edgethickness
uponaerodynamiccharacteristicsis indicated.

Thefairingof thetrailing-edgethicknesstothecircular-arc
profileby mans ofa straightlinetangentto thecurvedsurface
appearstobe superiorto theinclusionofa discontinuityinslopein
theprofile.

Dataobtainedinthisinvestigationindicatethatthemsximumlift-
dragratiosfortheblunt-trailing-edgewingsareincreasinginvalue
withincreasingMachnrmiberintheneighborhoodofM = 1.7. Testingat
speedshigherthanthisappearsdesirableto investigatethistrend.

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MoffettField,Calif.
%..u...~

-+....-...,JU-—

.-,

A.
—

.—
.

.-

—-

.-

—
-.

“,

.-

.

.



.

.-

.

NACARM A52E01 ~ 13

R3mERmcEs

1. Reese,DavidE.,Jr.,andPhelps,E. Ray: Lift$Drag,andPitching
MomentofLow-Aspect-RatioWingsat subsonicandSupersonicSpeeds-
PlaneTaperedWing,ofAspectRatio3.1With3-Percent-Thick,
BiconvexSection.NACARMA50K28,1951.

2. Eggers,A. J.,Jr.: AerodynamicCharacteristicsat Su%criticsland
SupercriticalMachNumbersof TwoAirfoilSectionsHavingSharp
LeadingEdgesandExtre~RearwardPositionsofMsxinrumThickness.
NACARMA7C1O,1947.

3. Lindsey,W. F.,Daley,BernardN.,andEumphreys,MiltonD.: The
FlowandForceCharacteristicsof SupersonicAirfoilsatHigh
SubsonicSpeeds.NACA!CNMU, 1947.

4. Chapman,DeanR.: ReductionofprofileDragat SupersonicVelocities
. by theUseof AirfoilSectionsHavinga BluntwailingEdge.

NAcARMA9m, 1949.

5. Frick,ClmrlesW.,andOlson,RobertN.: FlowStudiesin the
AsymmetricAdjustableNozzleof thehnes6-by 6-footSqersonic
WindTunnel.NACARMA9E24,1949.

6. Olson,RobertN.,andMead,MerrillH.: AerodynamicStudyofa
Wing-FuselageConibination~lo@ng a WingSweptI@ck630.-
Effectivenessof an Elevenas a Longitudins3.Controlandthe
Effectsof.
Supersonic

7. Glauert,H.:
University

CsmiberandTwiston theMaximumLift-DragRatioat
Speeds.I’tACARMA50A31a,1950.

TheElementsofAerofoilandAirscrewTheory.The
Press,Cambridge,England,1926,ch.XIV.

8. Herriot,JohnG.: BlockageCorrectionsforl%ree-Dimensional-Flow
Closed-ThroatWtndTunnels,withConsiderationof theEffectof
Compressibility.NACARep.995$1950. (FormerlyNACARM A7B28)

9. Lessing,HenryC.: AerodynamicStudyof a Wing-FuselageCombination
~lo~ng a WingSweptBack630- Effectof Sideslipon Aerodynamic
Characteristicsat a MachNuniberof 1.4WiththeWingTwistedand
Cambered.NACARMA50F09,1950.

10. Perkins,EdwardW.: ~rimental Investigationof theEffectsof
SupportInterferenceon theDragof BodiesofRevolutionat a
MachNumberof 1.5. NACA~ 22$)2,1951. —



14

,“

-~ NACARMA52E01

11. Liepnann,HansWolfgang:Investigationso! theInteraction.of__ 3
.,___ .=.+

BoundaryLayerandShockWavesinTransonicFlow. AF Tech.. —
Rep.5668,1948. .

22. Cleary,JosephW.,andS*vens,GeorgeL.: TheEffectsat.Transonic
Speedsof ThickeningtheI&ailingEdgeofa WingWitha h-Percent- “.

ThickCircular-Arcl!drfoil.NACARMA51Jll,1951.
. —-

-.

. .

.

.—

. .
.-

.-

.-

..

--- .=+.

...—-— – .:+
1.

.
.. .-

-. .



. *

(-,

Equation of fuselage radii:

dimensions shown in Inches.
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Figure 1.- Plan and front views of the models.
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